The lipid composition of the leaves of hardy Vernal and cold-sensitive Caliverde alfalfa plants, grown at different temperatures, was determined. Phosphatidyl glycerol, phosphatidyl inositol, and the sulfolipid content were directly related to growth temperature. Mono-and digalactose diglyceride and phosphatidyl choline and ethanolamine were inversely related to temperature. At corresponding growth temperatures Lipid Analysis. Alfalfa leaves were extracted as described by Allen et al. (1) for spinach leaves, except that the methanol-water phase was re-extracted twice with chloroform to prevent loss of digalactose diglyceride. The leaf lipids were separated on a diethylaminoethyl cellulose column, according to the elution schedule of Allen et al. (1). A lower loading of the column (about 250 mg) was required for leaf lipids from plants grown at 30 C. Also, a larger quantity of chloroform-methanol (2:1, v/v, +10 g/liter ammonium acetate) was required for complete elution of the phosphatidyl inositol fraction (about 300 ml). The phosphatidyl choline fraction eluted from the diethylaminoethyl cellulose column was further purified on a silicic acid column (1). Identification and purity of the lipids were tested by two-dimensional thin layer chromatography with Silica Gel G as the medium. Solvents used were chloroform-methanol-7 N NH40H (65:30:4, v/v) and chloroform-methanol-acetic acid-water (170:25:25:6, v/v). The separated lipid fractions were tested against samples of known lipids. Separation of the fractions of phosphatidyl glycerol, sulfolipid, and phosphatidyl inositol was sometimes not complete in the high temperature samples. The error did not exceed 10%.
In 1966, Gerloff, Richardson, and Stahmann (2) reported on the fatty acid composition of two varieties of alfalfa, Caliverde and Vernal, as a function of the cold hardening process. They demonstrated a preferential accumulation of polyunsaturated fatty acids during hardening.
In plant tissue, fatty acids are esterified as lipids (8) . I was interested whether the lipid composition remained unchanged during cold hardening and saturated fatty acids were replaced by polyunsaturated fatty acids. Another possibility was a change in lipid composition during the cold hardening process with a preferential accumulation of lipid species characterized by polyunsaturated fatty acids. Fatty acid composition of the lipids present in alfalfa leaves varied much; e.g., monogalactose diglyceride contained 95% linolenic acid, compared with 47% for the sulfolipid (7). Lipid composition was related to cold hardiness in citrus. Leaves of the more resistant tangerine varieties showed a higher percentage of glyco-and phospholipids than leaves of the more sensitive lemon varieties (5) .
Cold hardening in alfalfa occurs during the fall and is inversely related to temperature (4) . For Lipid Analysis. Alfalfa leaves were extracted as described by Allen et al. (1) for spinach leaves, except that the methanol-water phase was re-extracted twice with chloroform to prevent loss of digalactose diglyceride. The leaf lipids were separated on a diethylaminoethyl cellulose column, according to the elution schedule of Allen et al. (1) . A lower loading of the column (about 250 mg) was required for leaf lipids from plants grown at 30 C. Also, a larger quantity of chloroform-methanol (2:1, v/v, +10 g/liter ammonium acetate) was required for complete elution of the phosphatidyl inositol fraction (about 300 ml). The phosphatidyl choline fraction eluted from the diethylaminoethyl cellulose column was further purified on a silicic acid column (1). Identification and purity of the lipids were tested by two-dimensional thin layer chromatography with Silica Gel G as the medium. Solvents used were chloroform-methanol-7 N NH40H (65:30:4, v/v) and chloroform-methanol-acetic acid-water (170:25:25:6, v/v). The separated lipid fractions were tested against samples of known lipids. Separation of the fractions of phosphatidyl glycerol, sulfolipid, and phosphatidyl inositol was sometimes not complete in the high temperature samples. The error did not exceed 10%.
Fatty Acid Analysis. Numbers following fatty acids indicate number of carbon atoms and number of double bonds, respectively. Lipids were deacylated with methanolic KOH (9) . The fatty acids were methylated with 10% BCL3 in methanol (6) and analyzed on a Victoreen gas chromatograph, with a hydrogen flame ionization detector. The column was composed of 15% diethylene glycol as a stationary phase on Anakrom 60/70 as a support. The fatty acid methyl esters were identified with known fatty acid esters, with the exception of palmitoleic acid (16:1) for which a retention time, given by James (3), was used.
RESULTS AND DISCUSSION
The lipid compositions of the alfalfa leaves of both varieties are given in Table I Summarizing, induction of cold hardiness by temperature during growth and selection of varieties of different cold hardiness was directly related to the content of mono-and digalactose diglyceride and phosphatidyl choline and ethanolamine, while an inverse relation was observed for phosphatidyl glycerol and inositol, and the sulfolipid. The fatty acid compositions of the lipids of the alfalfa leaves were determined, and striking differences between the lipids were observed (Table II) . Monogalactose diglyceride was predominantly esterified with linolenic acid (18:3), in agreement with an earlier observation (7) . This also applied for phosphatidyl choline (76% linolenic acid). The other lipids characteristic for hardy plants, digalactose diglyceride and phosphatidyl ethanolamine, showed smaller amounts of linolenic acid (34 and 24%, respectively) but in addition contained 30 and 28% linoleic acid (18:2) Thus, lipids which were related to cold hardiness were predominantly esterified with polyunsaturated fatty acids (18:2 and 18:3). Phosphatidyl inositol, which was a characteristic lipid of coldsensitive plants, showed large precentages of saturated fatty acids, and long chain saturated fatty acids like arachidic acid (20:0) and behenic acid (22:0) were only observed in this lipid fraction (Table II) 
